This  document  consists  of  60  pages 
No.  152  of  215  copies,  Series  A 


OPERATION  UPSHOT-KNOTHOLE 


4 


t 


Project  3.28.2 


PRESSURE  MEASUREMENTS 
FOR  VARIOUS  PROJECTS 


OF  PROGRAM  3 

REPORT  TO  THE  TEST  DIRECTOR 

OEl) 


by 


BV  Avrn^frY  of 


W.  E.  MorrIiaK 
J.  Petes 


December  1953 


Acceslofi  For 


NTI8  CRA&I 
one  TAB 
Unannounced 
Justification 


□ 

□ 


By _ 

Distribution  / 


Availability  Codes 


Oist 


A-/ 


Avail  and/or 
Special 


(Naval  Ordnance  Laboratory  Report  NOLR-1183) 
U.  S.  Naval  Ordnance  Laboratory 
White  Oak,  Silver  Spring,  Maryland 


Reproduced  Direct  from  Manuscript  Copy  by 
AEC  Technical  Information  Service 
Oak  Ridge,  Tennessee 


Inquiries  relative  to  this  report  may  be  made  to 

Chief,  Armed  Forces  Special  Weapons  Project 
P.  O.  Box  2610 
Washington,  D.  C. 

If  this  report  is  no  longer  needed,  return  to 

AEC  Technical  Information  Service 
P.  O.  Box  401 
Oak  Ridge,  Tennessee 


ABSTRACT 


The  Naval  Ordnance  Lahoratoiy  instrumented  various  Program  3 
projects  for  pressure-time  histories.  The  instrrmientation  system 
consisted  of  Wiancko  inductance  gages,  M  intelligence  generation, 
and  magnetic  tape  data  storage.  Pressure  measurements  were  made 
on  three  aboveground  structures,  one  underground  structure,  five 
foxholes,  a  diffraction  study  layout  euround  one  of  the  aboveground 
structiires,  and  a  tree  stand.  The  results  of  Shot  9  vere  excellent; 

127  complete  pressure-time  records  were  obtained  from  the  totauL  of 

128  stations  instrumented.  On  Shot  10,  lt-8  complete  records  and  48 
partial  records  were  obtained  from  the  105  stations  instrumented. 
Broken  cables  caused  by  displacement  of  the  structures  accounted 
for  most  of  the  partiaQ.  and  total  loss  of  records  on  this  shot. 

The  records  were  reproduced  as  pressvire-tlme  curves  with  pressure 
scaJLes  added  amd,  aLLong  with  instructions  for  record  amaulysis  auid 
interpretation,  were  presented  to  the  cognizant  agencies  for  their 
analysis. 
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FCEEWQRD 


This  report  is  one  of  the  reports  presenting  the  results  of  the 
78  projects  participating  in  the  Military  Effects  Tests  Program  of 
Operation  UPSHOT-KNOTHOLE,  which  included  11  test  detonations.  For 
readers  interested  in  other  pertinent  test  information,  reference  is 
made  to  WP-782,  Summary  Report  of  the  Technical  Director,  Military 
Effects  Program.  This  summary  report  includes  the  following  infor¬ 
mation  of  possible  general  interest: 

a.  An  over-all  description  of  each  detonation,  including 
yield,  height  of  hurst,  ground  zero  location,  time  of 
detonation,  aniblent  atmospheric  conditions  at  detona¬ 
tion,  etc.,  for  the  11  shots. 

h.  Compilation  and  correlation  of  all  project  results  on 
the  basic  measurements  of  blast  and  shock,  thermal 
radiation,  and  nuclear  radiation. 

c.  Compilation  and  correlation  of  the  various  project  re¬ 
sults  on  weapons  effects. 

d.  A  summary  of  each  project,  includiiag  objectives  and  re¬ 
sults. 

e.  A  complete  listing  of  all  reports  covering  the  Military 
Effects  Tests  Program. 
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PREFACE 


This  is  the  final  report  of  Project  3-28.2,  and  it  supersedes 
the  preliminary  report,  UKP-30. 

In  addition  to  outlining  the  scope  of  the  project,  describing 
the  instrumentation,  and  reporting  results  obtained,  this  report 
outlines  in  detail  the  mechanics  of  reading  the  records  and  points 
out  in  what  way  the  instrumentation  affects  the  accuracy  and  inter¬ 
pretation  of  the  records.  The  reporting  of  the  data  is  the  re¬ 
sponsibility  of  the  agencies  which  sponsored  the  various  projects 
and  is  not  reported  here. 

The  measurements  for  Projects  1.1a  and  3-28.2  were  combined 
and  instrianented  as  a  unit  by  the  same  personnel  and  instrumenta¬ 
tion  system. 
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CHAPTER  1 


IBTRODUCnOK 


1.1  SCOPE  OF  THE  PROJECT 

The  Naval  Ordnance  Laboratory  (NOL),  in  conjunction  with  the 
Ballistic  Research  Laboratories  and  the  Stanford  Research  Insti¬ 
tute,  assumed  the  responsibility  for  the  instrumentation  of  the 
structures  of  Program  3.  As  its  part  of  the  instrumentation  pro¬ 
gram  the  NOL  made  pressure  measurements  for  Projects  3»lw> 

3.7,  3.9,  3.13,  and  3.19. 

1.1.1  Pressure-Time  Measurements 


For  Program  3  a  toteQ.  of  128  pressure-time  gages  were  in¬ 
stalled  for  Shot  9  (8  May)  and  105  pressure-time  gages  for  Shot  10 
(25  May).  An  outline  of  the  pressure-time  measurements  follows; 


(l)  PROJECT  NUMBER: 

Sponsor: 

Performing  Agency: 

Title  of  Project; 

Struct\ares: 

Description  of  Measuranents: 


Number  of  Gages: 


(2)  PROJECT  NUMBER: 
Sponsor: 

Performing  Agency: 
Title  of  Project: 


3.1 

U.  S.  Air  Force 
Wright  Air  Development  Center 
Tests  on  the  Loading  of  Building 
and  Equipment  Shapes 
3.1s  and  3. It,  6'x6'xl2*  non- 
deformable  cubicles 
Pressure-time  curves  on  the  front, 
top,  side,  and  rear  of  the  struc¬ 
tures 

3.1s  structure;  2h  gages.  Shot  9 
2k  gages.  Shot  10 
3. It  structure:  2h  gages.  Shot  9 
24  gages.  Shot  10 

3.1u 

U.  S.  Navy 

Naval  Ordnance  Laboratory 
Shock  Diffraction  Studies  in  the 
Vicinity  of  a  Structure 


15 


Structtire: 


Description  of  Measurements: 
Number  of  Gages: 


(3)  PROJECT  NUMBER: 
Sponsor : 

Performing  Agency: 
Title  of  Project: 


Structtffe : 

Description  of  Measurements: 


Number  of  Gages: 

(l^)  PROJECT  NUMBER: 

Sponsor: 

Performing  Agency: 

Title  of  Project: 

Structure: 

Description  of  Measurements: 
Number  of  Gages: 


(5)  PROJECT  NUMBER: 

Sponsor: 

Performing  Agency: 

Title  of  Project: 

Structure : 

Description  of  Measurements: 


Number  of  Gages: 

(6)  PROJECT  NUMBER: 
Sponsor: 

Performing  Agency: 
Title  of  Project: 


Area  in  the  vicinity  of  struc- 

txire 

Pressure-time  measurements  in  the 
vicinity  of  the  3 -It  structure 
ll|^  gages.  Shot  9 
iJ*^  gages.  Shot  10 

3.7 

U.  S.  Army 

Office,  Chief  of  Engineers 
Air  Blast  Effects  on  Entrances  and 
Air  Intakes  of  Underground  Instal¬ 
lations 

3.7  Underground  structvire 
Pressure-time  measurements  in  the 
walls  of  shelter  entrances,  air 
intake  and  outlet  pipes  and  plenum 
chambers 

34  gages.  Shot  9 
34  gages.  Shot  10 

3.9 

U.  S.  Army 

Engineering  Research  and  Develop¬ 
ment  Laboratory 
Field  Fortifications 
Five  foxholes 

Pressure-time  measurements  in  the 
bottom  of  foxholes 
5  gages.  Shot  9 
5  gages.  Shot  10 

3.13 

U.  S.  Navy 

Buireau  of  Yards  and  Docks 
Precast  Gable  Structure,  Without 
Earth  Cover 

3.I3L  precast  gable  structure 
Pressure-time  measurements  on  the 
side,  end,  and  top  walls  of  the 
structure 
12  gages.  Shot  9 

3.19 

U.  S.  Army 

U.  S.  Department  of  Agricultuure 
Blast  Damage  to  Coniferous  Tree 
Stands  by  Atomic  Explosions 
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structure:  Array  of  trees 

Description  of  Measvurements:  Pressure-time  measvir«nents  on  the 

ground  and  at  severeQ.  heights  with¬ 
in  the  tree  stand 

Number  of  Gages:  15  gages.  Shot  9 

4  gages.  Shot  10 


1.1.2  Peak  Pressure  Meas\arements 


In  addition  to  the  pressiare-time  gages,  a  few  NOL  indenter 
gages,  which  measure  peak  pressure,  were  installed  on  the  3 'Is  and 
3. It  structvires  and  in  two  of  the  Project  3-9  foxholes.  These  gages 
were  installed  on  an  experimental  basis  primarily  for  gage  evalua¬ 
tion  piarposes  and  this  instrmentatlon,  therefore,  is  not  considered 
germane  to  this  report.  A  brief  description  of  the  indenter  gage  in¬ 
stallation  appears  in  Appendix  A  and  the  results  are  summarized  in 
reference  (l). 

In  regard  to  peak  pressure  measurements  with  indenter  gages, 
mention  is  made  of  the  fact  that  the  NOL  made  available  100  indenter 
gages  to  Project  3*9  and  provided  instruction  in  their  use. 

1.2  OBJECTIVE 


The  objective  of  this  project  was  to  make  pressure-time  measure¬ 
ments  on  and  about  various  structures  and  installations  of  Projects 
3.1,  3-lu,  3.7,  3.9,  3«13>  and  3.19  and  to  present  the  resulting  data 
in  the  form  of  pressure-time  cxxrves  to  the  cognizant  agencies  for 
their  analysis. 


CHAPTER  2 


PROCEDURE.  IMSTRTJMBHTATIOH,  AMD  LAYOT3T 


2.1  PRESSURE-TIME  INSTRUMENTATION 

2.1.1  General 

The  instrumentation  used  for  pressure-time  measurements  on 
Projects  1.1a  and  3*28.2,  Operation  UPSHOT -KNOTHOLE,  was  a  frequency 
modvilation  system  using  inductsuice  gages,  vinshielded  transmission 
wire,  and  magnetic  tape  data  storage.  Two  gage  signal  frequencies, 
one  centered  at  15.*»-  kc,  and  the  other  at  10.7  kc,  were  diplexed  on 
one  transmission  and  recording  channel  in  order  to  accommodate  the 
required  large  number  of  gages  with  economy  of  time,  effort  and 
equipment.  The  recording  instrumentation  was  housed  in  two  van  type 
trailers  located  in  underground  revetments  at  7000  ft  and  11,500  ft 
from  ground  zero.  Each  recording  trailer  provided  the  power  for  and 
recorded  the  signals  from  approximately  85  gages  per  shot.  The  pres¬ 
sure  gages  and  associated  oscillators  and  amplifiers  were  located  in 
the  field  at  the  various  stations  in  appropriate  mounts.  All  record¬ 
ing  instrumentation  controls  were  unmanned  at  shot  time  and  remotely 
operated. 

After  each  shot,  the  eight  magnetic  tapes  from  each  recording 
trailer  were  recovered  and  played  hack  at  a  trailer  facility.  Here 
the  magnetic  signal  variations  on  the  tape  were  converted  into  re¬ 
cords  graphically  depicting  pressure  versus  time  at  the  various  gage 
positions,  and  these  records  were  then  analyzed  and  interpreted. 

The  over-all  maximum  response  of  the  system  was  such  as  to 
respond  to  a  step-wise  positive  pressure  pulse  in  0.2  to  O.3  milli¬ 
seconds  (ms),  the  gage  response  being  the  limiting  factor. 

2.1.2  Gages 

The  P-IU07  type  of  Wiancko  twisted  tube  inductance  gage  was 
used  on  this  operation  (2).  This  gage  contained  only  one  coil  of 
approximately  110  millihenries  inductance  with  a  tap  at  about  40 
millihenries.  The  coil  comprised  the  inductance  of  the  tank  circuit 
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of  the  Hartley  oscillator  used  for  signal  generation.  The  twisted 
tube  sensing  eluent  with  its  attached  armature  changed  the  induct¬ 
ance  of  the  coil,  and  thus  the  frequency  of  the  oscillator,  in  step 
with  the  forcing  pressure  signal.  This  provided  the  means  of  in¬ 
telligence  generation. 

Fluid  dantping  was  used  in  the  gages  to  obtain  optimum  dynam¬ 
ic  and  transient  response.  Some  difficulty  was  experienced  with  the 
damping  in  that  for  0.6  to  0.7  critical  damping  at  70°  F  many  gages 
exhibited  a  "creep"  ^en  a  step-wise  pressure  function  was  applied. 
Initially,  the  rise  time  of  the  record,  0.3  to  0.8  ms,  would  be  com¬ 
patible  with  the  manufacturer's  stated  response  of  the  gage,  but  at 
about  90  per  cent  of  the  applied  pressure  signal  the  gage  would  re¬ 
spond  more  slowly,  "creeping"  up  to  the  applied  pressure  value  in 
5  to  25  ms  (Fig.  2.1).  With  the  limited  time  available  both  to  NOL 
and  Wiancko  for  further  gage  design  research,  a  working  compromise 
had  to  be  reached  between  damping  and  "creep";  therefore,  the  damp¬ 
ing  coefficient  was  lowered  to  the  point  where  "creep"  was  eliminated 
even  though  the  damping  coefficient  went  down  to  0.2  to  O.li-  critical. 
This,  of  course,  adversely  affected  the  overshoot  and  ringing  char¬ 
acteristics  of  the  gage  when  the  forcing  function  had  a  rise  time 
equal  to  or  less  than  the  response  time  of  the  gage  (Fig.  2.2). 
However,  even  with  the  decreased  damping,  most  gages  stopped  ring¬ 
ing  in  less  than  3  a  few  extended  out  to  5  ibs.  (This  degree  of 
ringing  is  a  considerable  improvement  over  the  Bendix  inductance 
gage  used  by  NOL  in  previous  operations,  where  the  true  pressure 
signal  had  to  be  extrapolated  through  30“^  ®s  of  ringing. ) 

Another  adverse  characteristic  was  noted  in  the  Wiancko 
gage;  namely,  hysteresis.  A  gage  Which  was  cycled  in  a  positive 
pressure  direction  would  not  return  to  the  original  rest  position 
when  the  pressure  was  brought  back  down  to  amibient  atmospheric  pres¬ 
sure.  Further,  a  recalibration  run  of  the  gage  WD\ild  result  in  a 
slightly  but  significantly  different  pressure-frequency  curve.  For 
most  gages  the  hysteresis  error  at  ambient  pressvire  was  no  more  than 
0-75  per  cent  of  the  maximtam  pressure  range  and  could  be  corrected 
only  in  data  analysis.  To  ina\a:e  repeatability  of  gage  perforsaance 
and  calibration  and  to  partially  eliminate  the  effects  of  hysteresis, 
all  gages  were  cycled  in  both  a  positive  and  negative  pressure  di¬ 
rection  in  the  field.  Field  calibrations  were  then  compared  with 
laboratory  calibration  and  only  those  gages  which  showed  good  cali¬ 
bration  agreement  were  used. 

The  Wiancko  gage  used  by  the  NOL  was  acceleration  sensitive. 
Various  electromechanical  and  electrical  testing  procedures  (2) 
showed  that  the  electrical  sensing  eleiment  of  the  gage  (mni  metal 
armature)  could  be  displaced  from  its  equilibrium  position  in  three 
distinct  paths  -  rotatlonally  in  torsion  (the  gages  being  designed 
to  respond  to  this  type  of  imotlon),  and  translationally  in  two 
cantilever  miodes  mutually  perpendicular  one  to  the  other  (extrane¬ 
ous  miotions) .  With  each  of  these  notions  was  associated  a  paitlc- 
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14  PSI  STEP  PRESSURE 
(2  kc  TIMING  FREQUENCY) 


Fig,  2,1  Creep  Characteristic  of  a  Wiancko  Gage 


14  PSI  STEP  PRESSURE 
(2kc  TIMING  FREQUENCY) 


Fig,  2,2  I^yxiamic  Characteristics  of  a  Wiancko  Gage 
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vOar  resonant  frequency.  These  modes  of  motion  could  be  excited  by 
either  the  sinusoidal  application  of  acceleration  as  with  a  shake 
table,  or  by  shock  excitation.  Striking  the  gage  mounting  plate  with 
a  hammer  blow  or  a  shock  wave  produced  in  a  shock  tube  gave  rise  to 
signal  outputs  from  the  gage.  The  magnitude  of  this  acceleration  re¬ 
sponse  was,  for  example,  equivalent  to  a  1  psi  signal  on  a  20  psi 
nominal  rated  gage  for  a  10  g  drop.  These  acceleration  effects  made 
difficult  the  interpretation  of  the  pressure  records,  particularly 
on  Shot  10. 

How  the  various  gage  characteristics  such  as  acceleration 
effects,  hysteresis,  and  underdangping  affected  the  pressure  records, 
and  the  method  of  Irfterpretlng  the  records  in  view  of  these  charac¬ 
teristics  is  discussed  in  Appendix  B. 

2.1.3  Osc illator-Anplif ier 

A  one  tube  oscillator-amplifier  circuit  was  used  for  each 
gage  position  with  filament  and  plate  power  being  provided  remotely 
from  the  recording  trailers.  One  section  of  the  dual  triode  12AU7 
tube  was  used  in  a  shunt-fed  Hartley  oscillator,  the  other  bni-f  in 
a  buffer  amplifier  between  the  oscillator  and  line.  At  most  stations 
two  oscillator-amplifier  signals  were  mixed,  the  15. kc  and  the 
10.7  kc  signals  being  dlplexed  across  a  linear  bridge  network  to 
minimize  distortion  and  intermodulation.  The  composite  signal  of 
the  two  oscillators  or  the  single  signsQ.  of  a  single  station  was 
then  coupled  to  the  transmission  line  with  an  appropriate  impedance 
matching  network. 

2.1.4  Transmission  Line 


The  signal  and  power  transmission  line  to  each  single  and/or 
double  channel  consisted  of  two  pairs  of  twisted,  unshielded  field 
telephone  wire  of  the  type  Signal  Corps  WD-l/TE.  One  pair  of  the 
wires  was  used  for  carrying  AC  filament  power  to  the  field  osclUator- 
ampllflers;  the  other  pair  served  the  dual  piurpose  of  carrying  DC 
plate  voltage  to  the  field  units  and  transmitting  the  signal  fre¬ 
quencies  back  to  the  recording  instrumentation.  The  signsd  trans¬ 
mission  pair  was  terminated  with  the  proper  impedance  at  both  sendliig 
and  receiving  ends.  The  power  and  signal  levels  were  of  such  ampli¬ 
tude  M  to  override  line  losses  and  enable  cable  lengths  of  as  long 
as  3  miles  to  be  used  without  intermediary  amplification  between  “Uie 
field  units  and  the  recording  trailers.  For  thermal  and  blast  pro¬ 
tection,  the  field  wires  were  burled  under  2  ft  of  earth. 

Limited  field  tests  on  Operation  TDMBLSi  and  extensive  tests 
in  the  laboratory  indicated  that  it  was  entirely  feasible  to  xise  un¬ 
shielded  wire  in  the  NOL  FM  system  without  adverse  cross-talk,  inter- 
modulation,  or  distortion  of  signals  produced  by  NOL  or  other 
operating  activities.  The  low  initial  cost,  great  strength,  and  ease 
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in  handling  dictated  the  use  of  the  WD-l/TT  wire  instead  of  the  shield¬ 
ed  MCOS-6  cable  used  on  previous  operations. 

2.1.5  Recording  Trailer 


Each  recording  trailer  contained  eight,  seven-channel  Ampex 
magnetic  tape  recorders  (Model  304-ls) ,  associated  electronic  equip¬ 
ment,  relay  control  circ\rLts.  and  four  primary  power  sources  as  used 
on  JMGLE  (3)  and  TUMBLER  (4)  (Fig.  2.3).  Each  power  source,  con¬ 
sisting  of  a  series-parallel  arrangement  of  batteries  driving  a  motor- 
generator  set,  provided  AC  and  DC  voltages  to  two  recorders  and  the 
power  supplies  for  gage -oscillator  units  connected  to  these  recorders. 
Each  of  these  four  banks  of  power  and  instrumentation  was  operated  by 
means  of  individ'ual  Edgerton,  Germeshausen  and  Grier  (BG&G)  relay 
signals.  Thus  the  four  banks  of  equipment  in  each  trailer  were  com¬ 
pletely  independent  of  each  other,  thereby  providing  a  high  degree 
of  insurance  against  total  loss  of  records  in  case  of  timing  signal, 
power,  or  recorder  failvire. 

Individual  power  supplies  (dynamotors  for  plate  voltage  and 
auto-transfomers  for  filament  voltage)  located  in  the  trailers  were 
used  for  each  channel*.  This  design  provided  optimum  operating  con¬ 
ditions  for  each  field  unit  and  also  guarded  against  mass  loss  of 
records.  Hie  signal  of  each  channel  was  fed  onto  a  single  head  of 
the  recorders.  Six  heads  of  each  recorder  were  used  for  gage  signals 
and  the  seventh  head  recorded  a  common  frequency  calibration  and  time 
fiducial  signal  (Fig.  2.k),  thus  correlating  all  records  in  a  trailer. 
In  all,  each  trailer  had  k8  channels  available  for  recording  a  maxi¬ 
mum  of  96  diplexed  gage  signals.  The  channels  for  any  one  program 
were  distributed  over  at  least  eight  recorders  in  a  trailer,  once 
again  to  minimize  the  possibility  of  major  loss  of  records. 

Prior  to  shot  time,  all  switches  and  controls  were  left  in 
a  ready  condition;  at  shot  time  backed-up  sets  of  EG8eG  relay  signals 
initiated  the  various  recording  functions. 

2.1.6  Playback 

After  the  shot,  the  magnetic  tapes  were  recovered  and  played 
back.  The  magnetic  variations  on  the  tape  were  converted  into  elec¬ 
trical  signals  On  the  An^iex  Reproducer  track  by  track.  These  signals, 
in  the  form  of  frequency  modulations,  were  converted  into  variations 
of  amplitude  with  time  in  discriminator  units  and  presented  in  graph- 


*  A  "channel”  as  used  in  this  report  consists  of  the  signal  on  one 
set  of  transmission  wires  and  recorded  by  a  single  head.  A  channel 
in  the  majority  of  instances  on  this  operation  contained  a  composite 
signal  consisting  of  a  I5.U  kc  signal  from  one  gage  position  or  sta¬ 
tion  and  a  10. 7  kc  signal  from  a  nearby  gage  station;  some  channels, 
however,  transmitted  the  signal  from  only  one  gage  station. 
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Fig.  2.3  Orer-all  Instmmentation  System  of  Each  Recording  Trailer 
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ical  form  "by  a  Century  string  oscillograph.  The  conqposite  signal  on 
the  various  tracks  was  divided  into  its  two  constituent  signals  hy 
means  of  hand  pass  filters  in  each  discriminator  unit  so  that  the 
original  gage  Induced  center  frequency  variations  were  recovered  as 
separate  pressure  signals  (Fig.  2.5). 

Simultaneously  with  the  reproduction  of  each  signal  record¬ 
ing  track,  the  frequency  calibration  and  time  fiducial  head  was  played 
hack.  The  frequency  calibration  was  monitored  and  this  made  it  pos¬ 
sible  to  play  back  the  signals  at  the  proper  tape  speed  for  faithful 
frequency  reproduction;  it  also  permitted  using  post-recording  ampli¬ 
tude  calibrations  for  the  pressure-time  oscillogram.  The  fiducial 
timing  signal  also  was  recorded  on  the  final  pressure-time  oscillogram, 
thus  giving  a  common  time  reference  for  all  records. 

The  String  oscillograph  wsis  run  at  two  speeds;  at  6  in. /sec 
to  show  gross  qualities  of  the  pressure-time  history,  and  at  50  in. /sec 
to  obtain  details  of  the  points  of  interest  in  the  shock  wave  record, 
particularly  the  initial  rise  to  peak  pressure. 

2.1.7  System  Errors 

The  response  characteristics  of  the  over-all  instrumentation 
from  gage  to  fined  record  is  that  of  an  underdamped  non-linear  system. 
(The  gage  is  the  prime  contributor  to  both  the  underdamped  and  non¬ 
linear  characteristics.)  This  means,  in  a  simple  case,  that  if  a 
known  vedued  step  function  of  pressure  were  applied  to  a  gage,  the 
fined  graphic  record  would  show  not  a  pure  step  function  but  rather 
a  composite  trace  made  up  of  the  forcing  step  function  emd  an  ex- 
ponentiedly  decaying  slnusoided  oscillation  superimposed  on  the 
inltied  portion  of  the  step.  (The  damping  photographs  of  Pig.  2.2 
etre  good  examples  of  the  type  of  fined  record  obtained  when  a  squeu:« 
step  of  pressvire  is  applied  to  a  gage.) 

Quite  obviously  the  record  is  not  a  faithful  reproduction  of 
the  forcing  function;  it  is  in  error  at  emy  point  by  the  degree  of 
depeuture  from  the  known  step  value.  For  an  underdanped  system  this 
error  can  be  easily  in  excess  of  50  per  cent  at  the  first  overshoot. 
However,  by  proper  and  realistic  interpretation  of  the  record  the 
error  in  the  cited  example  can  be  areduced  to  apprxaximately  2.5  per 
cent.  This  interpretation  heis  to  be  based  on  a  knowledge  of  the  vari¬ 
ous  response  characteristics  of  the  instrumentation  used  in  obtaining 
the  records  and  cdso  on  some  prior  knowledge  of  the  characteristics  of 
the  forcing  function.  Thus,  by  fadring  a  line  through  the  oscilla¬ 
tions  on  the  simple  record  under  consideration,  a  conpensation  or 
correction  for  the  known  undamped  chaurausteristics  of  the  system  is 
obtedned  amd  the  true  form  of  the  input  pressure  signed  is  recon¬ 
structed. 

In  this  simple  square  step  example,  the  loci  of  the  faired 
line  cam  be  determined  quite  accurately  and  most  of  the  error  in 
arriving  at  a  true  numericad  value  for  the  recorded  signed  is  due  to 
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inherent  instrumentation  and  reading  error.  This  error  for  the  NOL 
IM  system  is  approximately  +  2.5  per  cent  at  maximum;  i.e.,  the  numer¬ 
ical  value  of  any  selected  point  on  the  record  can  he  in  error  hy  a 
maximum  of  +  2.5  per  cent.  These  errors  are  made  vtp  primarily  of 
calibration  errors,  recording  and  playback  speed  synchronization  errors, 
and  limitations  of  record  reading  resoliibion. 

For  an  exponentially  decaying  forcing  function  such  as  the 
"text  book"  type  of  "clean"  shock  wave,  it  is  only  a  little  more  dif¬ 
ficult  than  for  a  square  step  function  to  fair  a  line  through  the 
extremeous  oscillations  and  thus  extract  the  true  form  of  the  excita¬ 
tion  pulse.  For  an  irregularly  shaped  forcing  pressure,  however,  it 
is  much  more  difflctolt  to  determine  the  true  form  of  the  input  signal 
from  the  record  and  particularly  so  if  the  exact  form  of  the  input 
signal  is  not  known  -  which  is  the  case  quite  often.  However,  once 
again,  by  a  judicious  application  of  the  known  responses  of  the  in¬ 
strumentation  with  whatever  information  is  available  as  to  the  nature 
of  the  pressure  signal,  a  reasonable  faired  line  can  be  determined 
for  all  records.  It  is  believed  that  this  fairing  process  produces 
errors  of  no  more  than  +  3  psr  cent  for  "clean"  shock  waves  and  + 

7  per  cent  for  "hashed-up"  records.  As  before,  the  accuracy  of  de¬ 
termining  the  numerical  value  of  any  point  selected  on  the  record 
is  +  2.5  per  cent. 

One  other  factor  enters  into  a  discussion  of  errors.  The 
ratio  of  the  measinred  signal  anqplitude  to  the  nominal  gage  range  am¬ 
plitude  influences  the  degree  of  accuracy  obtained.  For  ratios  >0.5 
the  above  stated  figiares  are  correct;  for  ratios  <0.5,  the  errors 
increase,  becoming  greater  as  the  ratio  decreases.  Thus,  negative 
pressm^  values  may  be  in  error  by  as  much  as  +  20  per  cent. 

Summarizing,  the  error  in  pressure  determination  is  mside  up 
of  two  parts  -  an  instrumentation  error  and  a  "selection"  or  "judg¬ 
ment"  error.  The  nxanerical  value  associated  with  a  selected  point 
on  the  record  can  be  established  to  within  i  2.5  per  cent  (provided 
the  signeLL  to  gage  range  ratio  is  >  0.5);  the  selection  of  the  point 
to  be  read  can  be  in  error  by  approximately  +  3  per  cent,  +  7  per 
cent  or  greater,  depending  upon  the  assumed  ¥hape  of  the  pressure 
signal  and  the  relative  magnitude  of  the  signal.  Thus,  at  a  maximum, 
the  errors  in  pressure  determination  can  be  +  5  per  cent,  +  10  per 
cent  or  greater.  The  average  errors  should  be  less  than  these  figures. 

When  the  hysteresis  cycle  of  the  gage  calibration  curve  is 
used,  decreasing  pressures  in  the  positive  phase  of  the  shock  wave 
will  have  the  same  accuracy  as  the  increasing  pressures. 

Time  resolution  of  the  system  was  approximately  0.2  ms,  and 
timing  errors  approximately  0.05  per  cent.  However,  due  to  the 
gradual  approach  of  the  pressvire  trace  to  the  base  line  and  the 
resulting  difficvilty  of  determining  the  crossover  point,  and  eO-SO 
due  to  gage  hysteresis,  positive  and  negative  phase  durations  are 
in  error  by  approximately  +  8  per  cent.  Phase  duration  errors  have 
only  a  second  order  effect^on  impulse  measiarements.  Therefore,  im- 
piase  measurements  are  in  error  by  approximately  the  same  degree  as 
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pressiore  measvirements . 

Directions  for  reading  NOL  FM  records  are  includ.ed.  in  Appen¬ 
dix  B. 


2.2  PROCEDURE  AM)  LAYOUT 
2.2.1  General 


All  pressiare  gages  were  flush  mounted,  in  the  structures, 
ground,  mounts,  and  vertical  haffle  plates.  At  those  stations  where 
the  wall  or  moxmt  thickness  was  at  least  1  ft,  Both  the  gages  and 
oscillator-amplifier  \mits  were  housed  in  6  in.  or  9  in.  diameter 
pipe-lined  holes.  At  other  stations  the  gages  were  mounted  at  the 
required  locations  and  connected  to  the  oscillator-amplifier  by  means 
of  a  low  capacitance,  shock  insensitive  cable  (RG-22/u). 

2.2.2  Project  3.1  Layout 

The  identical  non-deformable  structwes,  3 -is  and  were 

each  Instrumented  with  2h  gages.  The  structvires  were  6  ft  wide  by 
6  ft  high  by  12  ft  long.  Gage  locations  are  shown  in  Fig.  2.6.  The 
12  channels  {2h  gages)  for  the  3 'is  structure  were  distributed  over 
the  eight  recorders  of  trailer  2.  The  12  channels  for  the  3* It 
structvire  were  similarly  distributed  over  the  eight  recorders  of 
trailer  1.  Identical  instrtanentation  was  employed  on  Shots  9  and  10. 

2.2.3  Project  3»lu  layout 

An  array  of  pressure-time  gages  at  ground  level  and  at  a 
height  of  5  ft  were  located  in  the  Immediate  vicinity  of  structure 
3. It.  Foturteen  gage  stations  were  arranged  in  three  lines,  one 
directly  behind  the  structure,  one  to  the  side  of  the  structure, 
and  the  third  at  approximately  a  45°  angle  (Fig.  2.7).  The  gage 
oscillator  housings  and  baffles  were  identical  to  those  used  on  the 
blast  line  measuring  program  and  the  signals  were  recorded  by 
trailer  1.  The  vertical  aboveground  baffle  plates  were  oriented  5° 
off  Intended  ground  zero  in  such  a  way  as  to  provide  pressure  in¬ 
cidence  on  the  front  face  (gage  entry  side)  of  the  baffle  plate 
rather  than  on  the  back  face  in  case  of  moderate  bombing  error. 
Identical  instrumentation  was  ea^loyed  on  Shots  9  an<i  10. 

2.2.4  Project  3.7  Layout 

The  underground  structure  of  Project  3.7>  located  at  900  ft 
firom  Intended  ground  zero  (Fig.  2.8)  is  comprised  of  entryway  A 
(Fig.  2.9)>  entryway  C  (Fig.  2.10),  and  plenum  chambers  between  the 
entryways  (Fig.  2.1l).  This  structure  was  instrumented  with  34 
gages,  including  a  measurement  at  ground  level  between  the  two  entry- 
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Fig.  2.6  Gage  Layout  for  3.1s  and  3* It  Structures 
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Pig.  2.7  Gage  Layout  for  Diffraction  Study 


31 


Fig.  2*8  3«7  Undergroxmd  Structures 
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Fig.  2,9  G*ge  Layoiit  for  3*7  Structure,  Entryway  A 
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2.10  Gage  Layout  for  3*7  Structure,  Satry>way  C 
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ways  to  check  the  synmetry  of  the  shock  wave  at  this  location  with  re¬ 
spect  to  the  main  blast  line.  The  gages  in  the  ei^  instrumented  vent 
pipes  were  connected  to  their  respective  oscillator-amplifiers  by  means 
of  short  lengths  of  HG-22/u  cable.  The  15  gages  (8  channels)  of  entry- 
ways  A  and  C  were  distributed  over  all  the  recorders  of  trailer  2;  the 
remaining  19  gages  (U  channels)  of  the  3*7  structure  were  recorded  by 
trailer  1.  Identic^  instrumentation  was  employed  on  Shots  9  and  10. 

2.2.5  Project  3.9  layout 

Five  foxholes  were  instrumented  for  Project  3*9>  two  at  1^100 
ft  and  three  at  7000  ft  (Fig.  2.12).  Bach  foxhole  (6  ft  long,  2  ft 
wide  €uid  U  ft  deep)  was  lined  with  plywood  to  retain  its  shape.  A 
gage  in  a  cover-plate  baffle  was  placed  6  in.  from  the  bottom  of  each 
foodiole,  except  for  Shot  10  where  the  gages  in  fosdioles  1  and  2  were 
placed  flush  with  the  bottom  of  the  foidioles.  One  position  at  7000 
ft  was  partially  covered  with  a  sheet  of  plywood.  The  foxhole  signals 
were  recorded  in  trailer  2. 

2.2.6  Project  3.13  layout 

The  uncovered  gable  shelter,  3«13b,  was  Instrumented  with  12 
pressure  gages  as  shown  in  Fig.  2.13.  Because  of  the  limited  wall 
thickness,  B6-22/U  cable  connected  the  gage  mousxts  to  the  osciUator- 
amplifler  housings  fastened  to  the  floor  of  the  structure.  A  ^cial 
gage  mount  was  placed  in  the  center  of  the  structure  with  the  gage  2 
ft  from  the  floor  to  meeusure  pressure  inside  the  building.  The  gage 
signals  frms  3 ‘IBB  were  recorded  in  trailer  1.  This  structure  was  in¬ 
strumented  only  for  Shot  9.  The  BcLLllstlc  Research  Laboratories  also 
made  measurements  on  this  structure. 

2.2.7  Project  3.19  Layout 

The  tree  stand  at  65OO  ft  was  instrumented  with  15  gages  for 
Shot  9,  12  at  ground  level  and  one  each  at  heights  of  10,  35>  and 
60  ft  (Fig.  2.14).  The  three  gages  on  the  poles  were  mounted  in 
circular  baffle  plates  and  connected  to  the  oscillator-amplifier 
with  BG-22/0  cable.  These  baffles  were  oriented  5°  intended 
ground  zero  in  such  a  way  as  to  provide  pressure  incidence  on  the 
front  face  of  the  baffle  (gage  entry  side)  rather  than  on  the  back 
face  in  case  of  moderate  bombing  error.  The  records  for  this  project 
were  recorded  in  trailer  2.  For  Shot  10  the  instrumentation  was  re¬ 
duced  to  four  gages,  P4,  PlOl,  P1D2,  PI03  (Pig.  2.14).  Other  agencies 
also  made  measurements  in  the  tree  stand. 
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Fig.  2.12  Gage  Layout  for  Project  3 
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Fig,  2.13  Gage  Layout  for  Project  3.13b  Uncorered  Gable  Structure 
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2»llf.  Gage  Layout  for  Project  3*19  Tre®  Stand 


CHAPTER  3 

RESULTS 


3.1  GUtERAL 

Good  quality,  higb.  8ignal>to>iioise  ratio  records  -were  obtained 
on  this  operation.  The  high  quality  of  these  records  Is  attributed 
to  the  laoproved  characteristics  of  the  Vlancko  gage  (as  cooqpaxed  to 
the  previously  used  Bendlx  gage),  the  relatively  wide  frequency  devi¬ 
ation  employed  on  this  operation,  and  the  Judicious  predictions  of 
pressure  by  the  Program  3  agencies  with  the  corresponding  correct 
selection  of  available  gage  remges.  A  total  of  233  gages  were  used 
for  Shots  9  an<l  10;  all  gages  and  channels  functioned  properly  up  to 
zero  time.  However,  no  pressure  records  were  obtained  from  one  sta¬ 
tion  on  Shot  9  and  eight  stations  on  Shot  10  because  of  gage  failure 
Just  at  zero  time,  and  on  Shot  10  forty-eight  records  were  partially 
or  completely  lost  shortly  after  zero  time  due  to  cable  breaikage.  A 
summary  of  the  instrumentation  results  are  tabulated  In  Table  3*1* 


TABLE  3*1  -  Sunmmxy  of  Instrumentation  Results 
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Ko  ccaiiplete  explanation  has  been  fovmd  to  explain  the  gage  fail¬ 
ures  at  zero  time  on  both  Shots  9  and  10  except  to  note  that  post-shot 
tests  have  shown  the  electrical  Q  of  the  gage  coils  to  be  substan¬ 
tially  lower  than  their  pre-shot  values.  It  may  be  that  the  large 
ground  currents  produced  at  the  time  of  detonation  of  the  weapon  placed 
an  excessive  load  on  the  gages  with  marginal  electrical  properties, 
effectively  lowering  the  Q's  and  thus  stopping  oscillator  operation. 

Cable  breakage  which  caused  the  partial  or  com^jlete  loss  of  48 
records  on  Shot  10  occurred  in  a  number  of  ways.  In  the  3 -Is  struc- 
txare,  all  cables  parted  in  tension  when  the  structure  was  displaced 
approximately  25  ft.  In  the  3*7  underground  structure,  some  cables 
broke  in  tension  idxen  parts  of  the  structure  or  the  cable  conduits 
were  displaced;  other  cables  broke  in  shear,  partic\ilarly  where  the 
cable  entered  the  cable  trench  from  the  cable  conduit.  In  most  cases, 
the  cable  conduit  was  not  flush  with  the  bottom  of  the  trench  and 
therefore  loose  fill  dirt  was  both  above  and  below  the  cable.  The 
air  blast  was  of  sufficient  force  to  depress  significantly  the  whole 
mass  of  fill,  pushing  the  cable  against  the  sharp  edge  of  the  rela¬ 
tively  fixed  conduit  and  thus  shearing  the  cable. 

On  Shot  9  scnne  records  shoved  a  considerable  base  line  shlfb 
starting  about  0.1  sec  after  zero  time.  Post-shot  evurveys  showed  the 
shift  to  be  due  to  the  effect  of  thermal  radiation  on  the  gage.  The 
position  of  the  affected  gages  was  such  as  to  allow  direct  thermal 
radiation  to  enter  the  pressure  inlet  of  the  gage  and  strike  the 
twisted  tube  idilch  is  thermally  sensitive.  On  those  records  where 
eoniplete  thermal  recovery  was  not  reached  before  the  shock  wave 
arrived,  the  trace  produced  a  distorted  representation  of  the  pres¬ 
sure  wave.  However,  the  true  nature  of  the  pressure  wave  can  be  re¬ 
constructed  without  undue  loss  of  fidelity  by  graphical  means.  For 
Shot  10  small  aluminum  shields  were  placed  approximately  6  in.  in 
front  of  those  gages  idilch  would  be  subjected  to  direct  thermal  entry 
into  the  pressure  tube.  These  shields  were  designed  either  to  bum 
away  or  blow  away  without  impeding  or  distorting  the  pressure  signal 
at  the  gage.  They  proved  quite  effective  in  performing  this  shield¬ 
ing  function. 

The  original  records  of  each  project  have  been  delivered  to  the 
cognizant  agency.  Copies  of  8J.1  the  records  have  been  delivered  to 
the  Director,  Program  3,  and  copies  of  the  Project  3*1  records  have 
been  sent  to  the  Ballistic  Research  laboratories,  Air  Materiel  Com¬ 
mand,  Stanford  Research  Institute,  and  Sandla  Corporation. 

The  data  analysis  of  the  records  obtained  by  the  NOL  for  the 
Program  3  projects  is  being  performed  by  the  cognizant  agencies 
listed  in  Sec  1.1,  and  the  results  will  be  reported  in  the  reports 
of  these  agencies. 

3.1.1  Project  3.1b  Results 

On  Shot  9  twenty-four  records  were  obtedned.  The  records  from 
the  seven  gages  on  the  top  surfaiee,  positions  P-1  through  P-7;  shoved 


the  thermally  Induced  base  line  shift;  graphic  reconstruction  of  the 
wave  form  is  necessary. 

On  Shot  10  aluminum  thermal  shields  were  used  on  all  the  gages 
mounted  in  the  front  face  of  the  structure,  and  as  a  result  no  thermal¬ 
ly  induced  base  line  shift  occurred.  Records  were  obtained  from  eCLl 
twenty-four  stations  up  through  the  early  portions  of  the  pressure 
history.  However,  all  signals  stopped  at  from  250  to  800  ms  after  the 
shock  arrival  due  to  the  breaking  of  instrumentation  cable  incurred  by 
the  25  ft  displacement  of  the  struct vtre.  There  was  a  considerable 
amount  of  oscillation  in  the  records  emd  these  oscillations  have  be¬ 
come  associated  with  spurious  acceleration  effects  as  discussed  in 
Chapter  2  and  aaso  perhaps  with  the  nattxre  of  the  precvirsor  phenomenon. 

3.1.2  Project  3. It  Results 

All  twenty-four  records  were  obtained  on  Shot  9  and  twenty-three 
records  were  obtained  on  Shot  10  (gage  P-15  failed  at  zero  time  on 
Shot  10).  No  thermally  induced  bsuse  line  shift  occurred  on  Shot  9) 
however,  for  Shot  10  the  geometry  of  the  gage  positions  on  the  front 
face  of  the  structure  with  respect  to  planned  burst  position  was  such 
as  to  dictate  the  use  of  the  aluminum  shields.  Accordingly,  shields 
were  employed  and  no  base  line  shift  occurred.  The  records  for  Shot 
10  showed  the  general  precursor  characteristic  waveform  of  relatively 
smooth,  slow  variations  of  pressure;  only  the  three  stations  on  the 
side  of  the  structure,  P-I6,  17,  and  I8  showed  violent,  large  ampli¬ 
tude,  high  frequency  oscillations  superimposed  on  the  trace. 

3.1.3  Project  3.IU  Results 

All  fourteen  records  were  obtained  on  this  project  on  Shot  9* 
Sleven  records  were  obtained  from  the  fourteen  stations  Instrumented 
on  Shot  10;  at  the  5  ft  levels  of  stations  1,  2,  and  3  the  signals 
failed  at  zero  time. 

The  records  of  the  5  ft  high  gages  show  much  more  oscillation 
in  the  trace  than  the  ground  mounted  gages.  This  is  ascribed  chiefly 
to  the  whipping  action  of  the  pole  and  the  resulting  geige  acceleration 
effect.  For  Shot  10  the  5  ft  gage  records  are  especially  poor  in  this 
respect,  and  this  may  not  be  surprising  considering  the  fact  that  many 
of  the  5  ft  poles  were  badly  bexxt. 

As  stated  in  Sec  2.2.3,  the  baffles  for  the  aboveground  gages 
were  oriented  at  an  angle  of  5r  from  the  Intended  ground  zero,  €uad 
this  orientation  was  followed  by  all  the  instrumenting  agencies.  This 
procedure  was  decided  on  in  the  li{^t  of  a  study  on  the  effect  of 
baffle  plate  orientation  on  dynamic  pressures  (5).  The  actual  bombing 
errors  introduced  an  additional  22*^  on  Shot  9  and  3^  on  Shot  10, 
making  a  totaQ.  orientation  angle  of  27^  and  80,  respectively,  of  the 
baffle  plate  with  respect  to  the  direction  of  propagation  of  the  shock 
front. 


The  large  orientation  angles  obtained,  particularly  on  Shot  9> 
may  have  introduced  appreciable  errors  in  the  measurement  of  the  "free 
field"  pressures.  "Hiis  is  discussed  more  fully  in  the  3*lu  report  (6). 

3.1.4  Project  3-7  Results 

Of  the  34  gages  instrumenting  the  3-7  underground  structvire, 
thirty-three  records  were  obtained  on  Shot  9«  Tlie  gage  oscillator 
unit  at  station  PG-20G  in  entryway  A  ceased  to  operate  at  zero  time. 

The  measurement  at  the  ground  position,  PG-19T,  showed  the  thermally 
induced  base  line  shift. 

On  Shot  10  only  five  conqplete  records  were  obtained  from  this 
structure,  namely,  those  from  stations  PG-19A,  B,  C,  0,  and  T.  The 
five  signals  from  positions  PG-19D,  J,  M,  and  M,  and  PG-20A  failed  at 
zero  time.  The  remaining  twenty-four  signals  failed  at  or  shortly 
after  the  arrival  of  the  shock  wave  due  to  cable  breakage. 

3.1.5  Project  3.9  Results 

Bach  of  the  five  stations  in  the  foxholes  gave  excellent  re¬ 
cords  on  both  Shots  9  and  10. 

3.1.6  Project  3.13b  Results 

On  Shot  9  twelve  gage  records  were  obtained  on  and  in  the  3.1-3b 
aboveground  gable  shelter.  One  gage,  P-3,  exhibited  the  thermal  effect 
described  previously.  This  one  gage  and  no  other,  was  in  a  position  on 
the  structure  favorable  for  the  entrance  of  thezmal  radiation  into  the 
twisted  tube  of  the  gage.  Shot  10  was  not  Instrumented. 

3.1.7  Project  3.19  Results 

All  fifteen  records  in  the  tree  stand  were  obtained  on  Shot  9 
and  four  of  the  stations  instrumented  on  Shot  10  produced  records. 

As  stated  in  Sec  2.2.7,  the  aboveground  baffles  were  oriented 
at  an  angle  of  5^  from  the  intended  ground  zero.  (See  also  Sec  3.1*3). 
The  actual  bombing  errors  introduced  an  additional  7^  on  Shot  9  and 
1®  on  Shot  10,  resulting  in  a  total  orientation  angle  of  12°  and  6°, 
respectively,  of  the  baffle  plate  with  respect  to  the  direction  of 
propagation  of  the  shock  front.  For  these  small  angles  the  effect  of 
the  baffle  orientation  should  be  negligible . 


APPENDIX  A 


USE  OF  IMPafTER  GAGES  BY  NOL  IN  PROGRAM  1 


A.l  INTRODUCTION 


This  appendix  descrihes  "briefly  the  application  made  of  indenter 
gages  by  the  NOL  to  measure  peak  pressure  for  several  Program  3  proj¬ 
ects.  As  mentioned  in  Sec  1.1.2,  the  primary  purpose  of  the  use  of 
indenter  gages  was  for  the  evaluation  of  indenter  gages  as  a  method 
for  measuring  peak  pressures  on  structures  and  for  other  non-free- 
field  measxireraents.  The  modified  indenter  used  is  described  in  ref¬ 
erence  (7)  and  detailed  analysis  of  the  results  are  presetrted  in 
reference  (l). 

A.2  LAYOUT  OF  GAGES 

Three  Indenter  gages  each  were  Installed  in  structures  3.1s 
3. It.  The  three  gages  were  flush  mounted  on  the  front  faces  of  these 
stiructures  in  a  position  to  the  left  of  center  corzespondlng  to  the 
position  of  gage  P-11  (Pig.  2.6)  to  the  right  of  center. 

Three  indenter  gages  were  installed  in  each  of  two  3.9  foxholes. 
Ihe  indenter  gages  were  mounted  in  the  same  location  as  Wiancko  gages 
P-2  and  P-4  (Fig.  2.12). 

A.3  RESULTS 


The  results  are  reported  and  discussed  fully  in  reference  (l). 
In  qualitative  summary,  the  indenter  gages  gave  poor  agreement  with 
Wiancko  gage  pressures  when  mounted  in  the  3.1s  and  3. It  structures, 
but  gave  good  agreement  with  Wiancko  gages  when  mounted  in  the  3.9 
foxholes. 
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APPENDIX  B 


DIRECTIONS  FOR  READING  HOL  FM  RECORDS 


B.l  RECORD  PRESENTATION 

The  correct  interpretation  of  any  record  depends  in  large  part 
upon  the  understanding  of  the  instrumentation  system  used  to  obtain 
the  record  and  an  evaliiation  of  the  characteristics  of  the  system  as 
it  pertains  to  the  presentation  of  the  final  form  of  the  record.  The 
details  of  the  HOL  FM  magnetic  tape  system  are  described  in  this  and 
other  reports  (3)  (h);  this  report  provides  some  guidance  for  the  in¬ 
terpretation  of  the  records  in  teirms  of  the  known  characteristics  of 
the  instrumentation  system  and  it  also  gives  the  mechanics  for  reduc¬ 
ing  the  records  to  numerical  data. 

A  brief  resTjme  of  the  instrumentation  follows:  The  Wiancko 
inductance  type  pressure  gage  (2)  operated  in  a  frequency  modulation 
system.  The  inductance  element  of  the  gage  was  part  of  the  frequency 
determining  tank  circuit  of  a  Hartley  oscillator.  Pressure  variations 
experienced  by  the  gage  produced  inductance  variations  which  changed 
the  rest  frequency  of  the  oscillator  in  conformity  with  these  pres¬ 
sure  variations.  The  rate  of  change  of  the  oscillator  frequency  was 
proportional  to  the  rate  of  change  of  the  forcing  pressure  faction 
vbile  the  frequency  excursion  or  deviation  was  proportional  to  the 
amplitude  of  the  pressure  fxmction.  The  damped  frequency  character¬ 
istic  of  the  pressure  sensitive  element  of  the  gage  limited  the  upper 
frequency  response  of  the  system  to  approximately  800-1000  cps.  De¬ 
sign  considerations  limited  the  frequency  deviations  of  the  system  to 
approximately  a  minus  8  per  cent  frequency  shift  for  the  nominal  pres¬ 
sure  amplitude  rating  of  the  gage.  On  UPSHOT-KNOTHOLE  two  were 

multl-plexed.  One  gage  provided  the  frequency  aod\ilatlmg  intelligence 
for  an  oscillator  operating  at  a  rest  frequency  of  15.*^  he,  and  the 
other  gage  frequency-modulated  another  oscillator  centered  at  10.”  kc. 
Interference  between  the  two  signals  was  negligibly  small. 

The  mixed  frequency-modulated  signals  were  recorded  on  magnetic 
tape  at  the  time  of  the  tests  and  played  back  at  a  later  date.  The 
tape  recording  and  reproducing  machines  and  the  tape  material  Itself 
introduced  an  undesirable  frequency  modulation  comiponeiat  and  this 
extraneous  signal  manifested  itself  as  "flutter"  or  noise  on  the  final 


record.  This  flutter  was  of  a  random  nature,  inherent  in  the  machines 
and  tape  and  was  held  to  approximately  0.15  per  cent  of  the  frequencies 
recorded.  It  resulted  in  a  signal-to-noise  ratio  of  approximately  50 
to  1  for  full  scale  pressure  signals. 

In  playback  the  multi-plexed  signals  were  separated  by  means  of 
band-pass  filters  and  the  frequency  modulations  of  the  center  fre¬ 
quencies  were  changed  into  anplitude  variations  by  discriminator  \mlts. 
Negligible  distortion  of  signals  was  Introduced  by  the  discriminators. 
The  outputs  of  the  discriminators  were  applied  to  strings  of  a  record¬ 
ing  galvanometer  to  provide  the  final  photographic  records. 

The  over-all  recording  and  reproducing  system  was  calibrated 
frequency-wise  for  each  record,  (and  in  record  reduction  the  fre¬ 
quencies  were  converted  into  pressure  values).  The  following  fre¬ 
quency  steps  were  pvtt  on  each  record  for  each  of  the  two  channels: 

15. T,  15.4,  Ik. 8,  and  lk.2  kc,  and  10.9,  10.7,  10.3,  and  9-9  kc.  (The 
top  trace  on  all  oscillogram  records  was  the  15.k  kc  channel.)  The 
frequency  system  and  the  recording  galvanometers  were  linear  so  that 
no  distortion  of  the  records  resulted  from  these  elements  of  the  system. 

Tuning  fork  controlled  timing  lines  were  put  on  each  record  at 
10  ms  intervals  with  the  100  ms  lines  accented  to  facilitate  counting. 
Unfortunately,  the  drive  mechanism  of  the  recording  galvanometer  os¬ 
cillograph  ran  erratically  at  times  giving  non-linear  paper  speeds  and 
an  apparent  changing  time  scale.  However,  the  timing  markers  etre 
accurate  to  within  +0.05  per  cent  and  interpolation  between  timing 
marks  should  be  vcLlld  for  most  requirements.  The  recording  gaOvanom- 
eter  was  run  at  two  speeds  to  give  low  speed  records  with  a  compressed 
time  scale  and  high  speed  records  with  an  expanded  time  scale.  The 
low  speed  records  are  usefiil  in  determining  gross  characteristics  of 
the  pressure  history,  time  of  arrival  of  the  shock  wave,  positive  and 
negative  phase  dviratlons,  and  Impulse  data.  The  high  speed  records 
(usually  only  of  the  initial  portion  of  the  pressure-time  history) 
are  used  for  peak  positive  pressure  measurements  and  a  detailed  study 
of  the  regions  of  interest.  A  photographic  reproduction  of  an  actual 
pressure-time  history  in  low  and  high  speeds  is  shown  in  Fig.  B.l. 

B.2  GAGE  CALIBRATION 


All  gages  were  statically  and  dynamically  calibrated.  Static 
calibration  consisted  of  applying  pressure  in  steps  of  known  value 
to  the  gage  operating  in  an  oscillator  and  noting  the  frequencies  ob¬ 
tained.  This  Information  was  then  plotted  and  thus  a  pressure  versus 
frequency  calibration  curve  for  each  gage  was  obtained.  In  the  cal¬ 
ibration  procedure,  the  gage  was  pressure  cycled  through  positive 
values  (up  to  and  greater  than  I.5  times  the  nominal  pressure  rating 
of  the  gage)  and  negative  values  (by  means  of  a  vacuum  pump).  The 
calibration  curves  were  drawn  through  only  those  data  points  obtained 
on  the  increasing  positive  and  increasing  negative  excursions  of  pres¬ 
sure.  (The  curve  should  be  used  only  between  the  extreme  plotted  data 
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Fig*  B.l  -  Pres  sure -Time  Record 


points  and  not  teyond.) 

It  is  to  be  noted  from  the  calibration  curves  and  the  tabulated 
data  on  the  graphs,  that  the  gages  are  non-linear  (c^proxlmately  5 
per  cent  of  nominal  range)  and  show  a  small  degree  of  hysteresis.  Ih.e 
non-linearity  of  the  gages  precludes  the  use  of  a  convenient 
pressure  scale  for  the  oscillographic  records,  and  it  also  makes  nec¬ 
essary  the  addition  of  a  correction  factor  for  planimetered  inipulse 
measurements  made  on  these  original  pressure-time  records.  I!he  scale 
values  are  obtained  directly  from  the  calibration  curves  and  are 
accurate  to  +  2  per  cent.  It  is  to  be  noted  that  only  those  pressure 
vsQ-ues  in  the  initial  Increasing  x>ositive  phase  and  the  increasing 
portion  of  the  negative  phase  are  correct  as  obtained  from  either  the 
calibration  curves  or  the  sced.es.  Pressure  values  from  other  por¬ 
tions  of  the  record  are  in  error  by  the  amotmt  of  hysteresis  present 
at  that  portion  of  the  curve;  for  most  applications,  this  error  would 
be  negligible. 

Ihe  dynamic  ced-ibratlon  of  each  gage  was  me^e  with  a  pressure 
chamber  which  imposed  a  rapidly  rising  (0.2  ms)  positive  pressure 
step  on  the  gage.  Three  calibrations  were  made  on  each  gage,  one  at 
0.5  nominal  range,  the  second  at  nominal  range,  and  the  third  at  1.5 
nominal  range.  Non-linear  damping  was  evident  for  the  majority  of 
gages  and  also,  some  gages  exhibited  "creep"  -  the  slow  rise  (of  the 
order  of  5  to  25  ms)  to  maximum  pressure  after  an  initial  fast  rise  to 
about  0.9  of  maximum  value.  Reproductions  of  the  dynamic  calibration 
characteristics  similar  to  Fig.  2.2,  are  stapled  l^o  each  static  cal¬ 
ibration  curve  and  provide  valuable  Infoxmatlon  as  to  the  behavior  of 
the  gages  under  transient  pressure  loadings.  Timing  markers  on  these 
records  are  at  0.5  ms  intervals. 

B.3  RECORD  REftDING 


B.3.1  Peak  Positive  Pre8s\ges 

The  high  speed  records  are  used  to  determine  positive  pressure 
values.  The  first  task  is  to  determine  the  point  or  points  to  be 
read,  l.e.,  to  determine  the  significant  pressure  signals  on  the  re¬ 
cord.  Three  factors  are  Important  in  detenaining  idietber  any  i>artic- 
ular  part  of  the  trace  is  real,  i.e.,  pressure  induced  only.  First, 
the  noise  or  flutter  level  of  the  record  should  be  observed  Just 
prior  to  shock  arrival.  This  gives  the  order  of  magnitude  of  the 
possible  flutter-induced  deviation  of  any  point  of  the  record  from  the 
true  pressure  signal.  For  most  records  it  was  possible  to  keep  the 
flutter  level  low  in  conparison  to  the  signal  by  operating  the  gages 
near  their  nominal  range.  A  second  factor  to  be  observed  is  the  photo¬ 
graph  of  the  dynamic  characteristic  of  the  gage.  The  degree  of  over¬ 
shoot  and  creep,  if  any,  as  well  as  the  frequency  response  and  duration 
of  ringing  of  the  gage  when  shock  excited,  is  indicated  by  these  photo¬ 
graphs.  If  the  forcing  pressiare  function  is  a  "true"  shock  or  has  a 


rise  time  equal  to  or  less  than  the  gage  response  time  (0-3  to  0.8  ms), 
some  overshoot  and  ringing  is  to  he  expected  on  the  record.  On  the 
other  hand,  however,  if  the  pressure  rise  time  is  longer  than  the  re¬ 
sponse  time  of  the  gage,  very  little  or  no  overshoot  or  ringing  will 
be  realized.  The  third  factor  to  be  observed  is  the  sensitivity  of 
the  gage  to  extraneous  phenomena  such  as  acceleration  and  heat . 

ProD5)ted  by  the  UPSHOT-KNOTHOLE  results  which  showed  many  re¬ 
cords,  particularly  on  Shot  10,  with  high  and  low  frequency  oscilla¬ 
tions  superimposed  on  the  main  pressure  wave,  further  study  of  the 
Wiancko  pressure  gage  was  undertaken,  particularly  as  regards  its 
sensitivity  to  acceleration  (2).  The  investigation  shows  that  the 
Wiancko  gage  used  by  NOL  is  acceleration  sensitive  to  a  substantial 
degree.  (A  20  psi  gage  will  give  the  equivalent  of  1  psi  signal  when 
excited  by  a  10  g  drop.)  Further,  they  5a:e  sensitive  in  at  lease  two 
main  modes  -  a  designed  torsional  mode  and  an  extraneous  cantilever 
mode.  The  high  frequency  acceleration  effect,  700-1200  cps,  has  the 
same  period  as  the  damped  gage  ring  frequency  (as  indicated  by  the 
dynamic  calibration  photograph)  or  one  of  the  three  cantilever  modes. 

The  lower  frequency,  300-500  cps,  is  due  to  one  of  the  cantilever 
modes  of  the  long  sensing  element  of  the  gage  and  has  been  excited  by 
means  of  a  shake  table  in  the  laboratory. 

Trying  to  correlate  the  laboratory  determined  pressure  and 
acceleration  characteristics  of  the  gage  with  the  actual  records  ob¬ 
tained  in  the  field  is  made  difficult  by  the  seemingly  unorthodox 
behavior  of  either  the  gage  or  the  incident  pressxnre  forcing  function, 
or  both;  some  records  showing  high  pressures  with  fast  rise  times  have 
very  little  high  frequency  oscillations,  and  other  records  with  lower 
pressures  and  20-30  ms  duration  increases  of  pressure,  show  violent 
oscillations.  A  survey  of  all  the  records  both  on  Program  1  and 
Program  3  show  that  the  violent  high  frequency  oscillations  occur 
almost  exclusively  in  the  region  of  the  well  developed  precursor  wave 
and  20-30  ms  after  the  arrival  of  the  first  pressiu-e  signal. 

Since  the  oscillations  under  discussion  do  not  seem  to  decay 
exponentially  with  time,  it  is  reasonable  to  assume  that  energy  was 
being  fed  to  the  gage  sustaining  these  oscillations.  There  are  two 
ways  at  least  in  which  this  could  take  place:  the  gage  baffle  plates, 
vertical  and  flush  mounted,  can  be  excited  by  either  pressure  pulses 
or  drag  forces  or  high  velocity  missiles  and  then  ingjart  their  energy 
to  the  gqge  via  acceleration  (2) (8);  or  the  gage  itself  could  be  ex¬ 
cited  by  a  rapidly  V8u:7''ing  pressure  signal.  Shock  excitation  of  the 
baffle  plate  does  not  appear  to  affect  the  gage  unduly.  However,  it 
is  possible  that  sustained  oscillation  of  the  baffle  plates  could 
excite  the  gage  for  the  duration  of  the  sustaining  force.  The  mech¬ 
anism  for  sustaining  this  oscillation  in  the  bsiffle  plates  is  hidden 
for  the  present  in  the  unknown  true  behavior  of  the  precursor.  It 
may  be  that  sufficient  energy  is  impanrted  to  the  dust  to  sustain 
oscillations  in  the  baffle  mounting  plates.  (To  test  this  hypothesis 
the  mounting  plate  and  gage  were  sand  blasted  with  an  available  in¬ 
dustrial  sand  blasting  rig;  however,  no  spurious  signals  were  produced. ) 


Of  cotirse,  the  possihillty  remains  that  the  precursor  wave  itself  had 
a  rapidly  varying  somewhat  cyclical  pressure  history  with  the  gage 
trying  to  follow  these  variations.  In  addition  to  the  700-1200  cps 
frequency  variations,  the  300-500  cps  frequency  variations  of  con¬ 
siderable  time  duration  also  are  believed  to  be  acceleration  effects 
rather  than  pressure  variations. 

In  summation  it  may  be  definitely  stated  that  whatever  the 
real  reason  for  this  high  frequency  large  amplitude  oscillation, 
whether  it  be  acceleration  effects  or  pressure  induced,  it  is  apparent 
that  since  this  oscillation  occvirs  at  the  gage  torsional  or  cantilever 
frequency,  its  amplitude  certainly  and  its  frequency  probably  are  not 
true  representations  of  the  actual  pressures  at  the  sampling  point. 

Therefore,  for  record  reading  purposes,  it  is  sxiggested  that 
a  line  be  faired  through  these  extraneous  signals  for  effective  pres- 
sure  values.  This  may  not  be  the  true  pressure  value,  it  is  admitted, 
but  iirq)ulse-wlse,  it  may  be  considered  the  effective  pressure. 

A  word  of  caution  is  necessary.  Many  of  the  spikes  and  oscil¬ 
lations  on  the  records  are  true  pressure  signals  and  should  not  be 
discounted.  As  a  general  rule,  it  is  safe  to  assume  that  if  the 
period  of  the  pulses  on  the  record  is  the  same  as  the  shock  induced 
geige  ring,  the  recorded  amplitude  is  incorrect.  A  train  of  such  im¬ 
pulses  should  be  faired  through  for  a  more  correct  pressure  value. 

When  the  point  (or  points)  to  be  read  on  the  record  has  been 
selected,  the  positive  pressure  values  are  established  in  the  follow¬ 
ing  way  (See  Fig.  B.l). 

a.  Measure  the  an5)litude  of  the  known  frequency  calibra¬ 
tion  step  in  some  convenient  unit  such  as  I/50  of  an  inch. 

b.  Measure  the  displacement  of  the  point  to  be  read  from 
the  preshock  arrival  base  line  in  the  same  unit. 

c.  The  frequency  of  this  pressure  excursion  is  given  by 

pressure  signal  amplitude  calibration  frequency, 

calibration  signal  amplitude 

d.  Subtract  this  pressure  signal  frequency  from  15.*<-  kc 
(or  10.7  kc  depending  upon  the  center  frequency  at  which  the  gage  was 
used) . 

e.  Convert  this  new  frequency  value  into  pressure  by 
means  of  the  gage  ceilibration  curve. 

The  measured  pressures  will  be  accxarate  to  within  +2.5  psr  cent. 

No  correction  is  necesseiry  for  the  possible  slight  displace¬ 
ment  of  the  pressiffe  trace  base  line  from  the  15-^  kc  (or  10.7  kc) 
calibration  step.  However,  where  the  base  line  shifts  due  to  the 
thermal  excitation  of  the  gage,  a  correction  is  necessary.  The  thermal 
shift  can  be  recognized  by  the  rather  rapid  shift  of  the  trace  up  or 
down  starting  approximately  0.1  sec  after  zero  time  and  its  gradual 
return  toward  the  pre-zero  level.  It  is  corrected  for  in  the  follow¬ 
ing  manner; 

a.  Repeat  steps  (a)  through  (c)  as  above  for  the  pres¬ 
sure  signal  frequency. 
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b.  In  a  similar  manner,  on  the  slov  speed  record,  deter¬ 
mine  the  thermally  induced  frequency  shift  measuring  the  displacement 
of  the  trace  from  the  pre-zero  base  to  the  point  of  shock  arrival. 

c.  (l)  Subtract  this  value  from  15.4  kc  (or  10.7  kc)  if 
this  point  is  above  the  pre-zero  base  line.  (2)  Add  this  value  to 
15.4  kc  (or  10.7  he)  if  this  point  is  below  the  pre-zero  base  line. 

d.  From  the  gage  calibration  curve,  determine  the  corres¬ 
ponding  pressure. 

e.  From  the  frequency  obtained  in  step  (c)  above,  sub¬ 
tract  the  pressure  induced  frequency  shift  obtained  in  step  (a)  above. 

f.  Determine  the  corresponding  pressure. 

g.  Algebraically  subtract  the  value  obtained  in  step  (d) 
from  the  value  obtained  in  step  (f).  This  is  the  true  pressure  value. 

Where  the  thermally  induced  base  line  shift  occurred,  the  re¬ 
cords  were  corrected  for  this  shift  and  replotted  on  the  original  re¬ 
cord  oscillogram  to  better  depict  the  true  wave  shape.  In  making  this 
correction  and  replot,  it  was  assumed  that  the  rate  of  return  of  the 
trace  during  the  passage  of  the  shock  wave  was  the  same  as  just  prior 
to  the  arrival  of  the  shock  wave. 

B.3.2  Negative  Pressures 


The  slow  speed  records  are  used  for  determining  negative  pres¬ 
sures  because  of  the  gradual  slope  of  the  trace.  The  procedure  oxit- 
lined  for  the  positive  pressxare  values  should  be  used  for  determining 
negative  pressures. 

B.3-3  Arrival  Times  and  Positive  and  Negative  Phase  Durations 


Ten  millisecond  timing  lines  transversely  cross  the  pressure 
record,  with  the  100  ms  lines  accented.  Zero  time  is  indicated  on 
the  slow  speed  records  of  Shot  9  Dy  a  sudden  step  in  a  third  trace  of 
the  oscillogram.  On  Shot  10  a  nominal  minus  2.5  sec  signal  (-2.454  secs 
actual)  is  shown  on  this  third  step  instead  of  the  zero  time  signail. 

On  many  records,  zero  time  is  evidenced  also  by  a  sharp  spike  on  the 
pressure-time  trace  itself.  All  time  measurements  should  be  corrected 
to  take  into  account  the  measured  rather  than  the  nominal  values  of 
the  time -determining  elements  of  the  system.  Therefore,  multiply  all 
measured  times  by  0.996  to  obtain  the  true  time  between  measxired  points 
to  within  0.05  per  cent  accuracy. 

Due  to  gage  hysteresis,  the  durations  of  the  positive  and  neg¬ 
ative  phases  of  the  recorded  trace  are  in  error.  The  measured  positive 
durations  should  be  decreased  by  approximately  10  per  cent  and  the 
measured  negative  durations  should  be  increased  by  approximately  5 
per  cent.  The  error  in  duration  measured  then  becomes  approximately 
+  8  per  cent.  This  error,  however,  is  only  of  second  order  effect  in 
making  impulse  measurements. 


50 


Fig.  B.2  Impulse  Measurement  Diagram 


In^ulse  meas virement s  can  te  made  In  a  number  of  ways.  Impulse 
measurements  made  directly  on  the  oscillogram  should  be  corrected  for 
the  slight  distortion  of  the  pressure  trace  caused  by  the  non-linearity 
of  the  gage.  The  method  employed  at  NOL  (to  avoid  the  tedious  task  of 
replotting  the  p-t  curve  on  a  linear  scale)  is  an  approximation  method. 
The  assumption  is  made  that  the  pressure-time  oscillogram  is  trian¬ 
gular,  and  determining  exact  corrections  for  this  assumed  p-t  curve. 
These  corrections  are  then  applied  to  the  area  measurements  of  the 
actual  p-t  oscillogram.  Only  second  order  errors  are  Introduced  by 
this  method,  and  the  final  ii^ulse  accuracy  is  approximately  5  per  cent. 

Positive  impulse  is  fovind  in  the  following  way; 

a.  Measure  the  area  Apt,  (Fig.  B.2)  of  the  positive  phase 
of  the  p-t  oscillogram  in  some  convenient  unit  (with  a  planimeter). 

b.  Mesisure  the  area  Acal>  of  a  convenient  rectangle  on 

the  p-t  oscillogram  bovinded  by  a  known  frequency  calibration  step, 

^cal^  and  a  measured  time  base  ts. 

c.  From  previously  obtained  data,  note  the  significant 
peak  positive  pressure,  Psig>  aod  the  corresponding  frequency  excvir- 


sion  F. 


and  A^ 


Then 

On  the  gage  calibration  curve  measure  the  areas 


Then,  Inroulse/  . 

(corrected) 
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D.  C.  ATTN]  War  Plans  Division 
Director  of  Research  and  Development,  Headquarters,  USAF, 
Washington  25,  D.  C.  ATTN:  Combat  Components  Div. 
Director  of  Intelligence,  Headquarters,  USAF,  Washington 
25,  D.  C,  ATTN]  AF0IN-1B2 

The  Surgeon  General,  Headquarters,  USAF,  Washington  25, 

D.  C.  ATTNt  Bio.  Def.  Br.,  Pre.  Med.  Div. 

Asst.  Chief  of  Staff,  Intelligence,  Headquarters,  U.  S.  Air 
Forces  Europe,  APO  633,  c/o  HS,  New  York,  N.  Y. 

ATTNt  Air  Intelligence  Branch 
Ccmmander,  hdlth.  Reconnaissance  Technical  Squadron 
(Augmented),  APO  633,  c/o  Hi,  New  York,  N.  Y. 

Commander,  Far  East  Air  Forces,  APO  925,  0/0  FW,  San 
Francisco,  Calif. 

Commander,  Strategic  Air  Command,  Offutt  AFB,  Omaha,  Neb. 

ATTN]  Operations  Analysis 
Commander,  Tactical  Air  Command,  Langley  AFB,  Va. 

ATTNt  Documents  Security  Branch 
Commander,  Air  Defense  Command,  Ent  AFB,  Colo. 

Commander,  Air  Materiel  Command,  Wright-Patterson  AFB, 
Dayton,  0.  ATTNt  MCAIDS 

Commander,  Air  Training  Command,  Scott  AFB,  Belleville, 

Ill.  ATTNt  DCS/O  OTP 

Commander,  Air  Research  and  Development  Command,  PO  Box 
1395,  Baltimore,  Md.  ATTNt  RDDN 
Commander,  Air  Proving  Ground  Command,  Eglln  APB,  Fla. 

ATTNt  AG/TRB 

Commander,  Air  University,  Maxwell  AFB,  Ala. 

Commander,  Flying  Training  Air  Force,  Waco,  Tex. 

ATTNt  Director  of  Observer  Training 
Commander,  Crew  Training  Air  Force,  Randolph  Field,  Tex, 
ATTNt  2GTS,  DCS/O 

Commander,  Headquarters,  Technical  Training  Air  Force, 
Gulfport,  Miss.  ATTNt  TAAD 
Commandant,  Air  Force  School  of  Aviation  Medicine, 

Randolph  AFB,  Tex. 

Commander,  Wright  Air  Development  Center,  Wright-Patterson 
AFB,  Dayton,  0.  ATTNt  WCOESP 

Commander,  Air  Force  Cambridge  Research  Center,  23O  Albany 
Street,  Cambridge  39,  Mass.  ATTNt  Atomic  Warfare 
Directorate 
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Copy 


Conraiander,  Air  Force  Cambridge  Research  Center,  230  Albany 
Street,  Cambridge  39*  Mass.  ATTN:  CRHK,  Geophysics 
Research  Directorate  I36 

Commander,  Air  Force  Special  Weapons  Center,  Kirtland  AFB, 

N.  Max.  ATTNj  Library  137  -  139 

Commandant,  USAF  Institute  of  Technology,  Wright-Patterson 

AFB,  Dayton,  0.  ATTNi  Resident  College  1^0 

Commander,  Lowry  AFB,  Denver,  Colo.  ATTN:  Department  of 

Armament  Training  litl 

Commander,  1009th  Special  Weapons  Squadron,  Headquarters, 

USAF,  Washington  25,  D.  C.  1^42 

The  RAND  Corporation,  I7OO  Main  Street,  Santa  Monica,  Calif. 

ATTNt  Nuclear  Energy  Division  li+3  “  Iw 

OTHER  DEPARTMENT  OF  DEFENSE  ACTIVITIES 

Asst.  Secretary  of  Defense,  Research  and  Development,  d/D, 

Washington  25,  D»  C.  ll4-5 

U.  S.  National  Military  Representative,  Headquarters, 

SHAPE,  APO  55,  c/o  PM,  New  York,  N.  Y,  ATTNt  Col. 

J.  P.  Healy  1^4^ 

Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rn  2B1006, 

Pentagon,  Washington  25,  D.  C»  ill? 

Chairman,  Armed  Services  Explosives  Safety  Board,  D/D, 

Rm  21403,  Barton  Hall,  Washington  25,  D.  C.  lltS 

Commandant,  Armed  Forces  Staff  College,  Norfolk  11,  Va« 

ATTNt  Secretary  II49 

Commanding  General,  Field  Command,  Armed  Forces  Special 

Weapons  Project,  PO  Box  5100,  Albuquerque,  N.  Mex.  150  -  155 

Chief,  Armed  Forces  Special  Weapons  Project,  PO  Box 

2610,  Washington  13,  D«  C,  15^  ••  I6I4. 

Office  of  The  Technical  Director,  Directorate  of  Effects 
Tests,  Field  Command,  AFSWP,  PO  Box  577#  Menlo  Park, 

Calif.  ATTNt  Dr.  B.  B.  Doll  I65 


ATOMIC  ENERGY  COMMISSION  ACTIVITIES 


U.  S.  Atomic  Energy  Commission,  Classified  Technical 
Library,  1901  Constitution  Ave.,  Washington  25,  D.  C. 

ATTNt  Mrs.  J.  M.  O’Leary  (For  DMA)  I66  -  I68 

Los  Al«nos  Scientific  Laboratory,  Report  Library,  PO 
Box  1663,  Los  Alamos,  N.  Mex.  ATTNt  Helen  Redman  I69  -  171 

Sandia  Corporation,  Classified  Document  Division,  Sandla 

Base,  Albuquerque,  N.  Mex.  ATTNt  Martin  Lucero  172  -  173 

University  of  California  Radiation  Laboratory,  PO  Box 

808,  Livermore,  Calif.  ATTNt  Margaret  Pol den  17U  -  175 

Weapon  Data  Section,  Technical  Information  Service, 

Oak  Ridge,  Tenn.  I76 

Technical  Information  Seivloe,  Oak  Ridge,  Tenn.  (Surplus)  177  *  212 


ADDITIONAL  DISTRIBUTION 


The  Quartermaster  General,  CBR,  Liaison  Officer,  Research 

and  Development  Division,  d/A,  Washington  25,  D.  C.  213  -  Sli; 

Naval  Air  Material  Center,  Naval  Air  Experimental  Station, 

U.  S*  Naval  Base  Station,  Philadelphia  12,  Pa.  215 


